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(54) CHEMICAL REACTOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a chemical reactor effective for environmental cleaning. 
SOLUTION: The chemical reactor for cleaning materials to be treated by a chemical reaction, which 
comprises an electrochemical cell consisting of a three-layered structure of a cathode, a solid 
electrolyte and an anode, has the structure distributed with electron conductors and ion conductors 
like networks tightly stuck to each other at sizes from nanometers to microns or below by enclosing 
through-holes of nanometer sizes as the internal structure of the cathode and makes the higher 
efficiency of the electrochemical reaction possible and the method of cleaning NOx by using this 
chemical reactor. 
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* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by connputer. So the translation nnay not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 

[Clainn(s)] 

[Claim 1]Are a chemical reactor which purifies quality of a processed material by a chemical reaction, 
and A cathode (anode), A chemical reactor, wherein it comprises an electrochemical cell which 
consists of a three-tiered structure of a solid electrolyte and an anode (negative pole) and the above- 
mentioned cathode comprises a conductor containing continuation fine pores which nano size 
penetrated in three dimensions. 

[Claim 2]The chemical reactor according to claim 1, wherein said cathode consists of material which 
consists of a conductive oxide, metal, their own composites of these both, or both composite. 
[Claim 3]The chemical reactor according to claim 1, wherein said cathode contains metal and/or an 
oxide which have conductivity for an inorganic solid material which has oxygen ion conductivity as an 
ion conductor as an electronic conductor. 

[Claim 4]The chemical reactor according to claim 1, wherein said solid electrolyte is an oxygen ion 
conductor. 

[Claim 5]The chemical reactor according to claim 1 which fine pores contained in said cathode have a 
diameter of 100 nm or less, and is characterized by being continuously distributed from the surface to 
the cathode lower part. 

[Claim 6]The chemical reactor according to claim 5, wherein fine pores contained in said cathode 
occupy 10 or more percents by volume of a cathode. 

[Claim 7]The chemical reactor according to claim 1 or 3 making it generate when continuation fine 
pores of said cathode heat-treat a conductor, or an electronic conductor and an ion conductor. 
[Claim 8]The chemical reactor according to claim 1 containing conductive electrodes of a composite 
construction which said cathode was classified into the upper part and the lower part, and equipped 
the cathode lower part with the characteristic of conductive and ion-conductive both. 
[Claim 9]The chemical reactor according to claim 3, wherein a volume ratio of an ion conductor and 
an electronic conductor in the cathode lower part is in the range of 3:7-7:3. 

[Claim 10]Quality of a processed material by the chemical reactor according to any one of claims 1 to 
9 is decomposed, Are the method of purifying, said quality of a processed material is nitrogen oxides, 
and current is impressed to said electrochemical cell, A purification method of quality of a processed 
material which returns nitrogen oxides in an electronic conductor in said cathode, makes oxygen ion 
generate, makes this conduct in an ion conductor, reduces a relative amount to a nitrogen-oxides gas 
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molecule of an oxygen gas molecule in a reaction field, and is characterized by disassembling 
nitrogen oxides. 
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* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention relates to the chemical reactor for performing the chemical 
reaction of quality of a processed material, such as nitrogen oxides. 

It is related with the chemical reactor which it decomposes efficiently and can purify nitrogen oxides, 
and the method of purifying nitrogen oxides by using the chemical reactor in detail from the 
combustion gas containing oxygen, for example. 

[0002] 

[Description of the Prior Art]Purification of the nitrogen oxides by which it is generated from a gasoline 
engine has a method in use by a ternary system catalyst now. However, there are lean burn 
conditions which make fuel consumption improvement possible, and a problem that the surface 
activity of a catalyst decreases sharply by adsorption of coexistence oxygen in a diesel power plant, 
therefore methods, such as purification by the intermittent reducing condition by an oxygen occlusion 
type catalyst, are adopted. 

[0003]On the other hand, removing out of a system is also performed by sending current there using 
the solid-electrolyte membrane which has oxygen ion conductivity, without carrying out surface 
poisoning of the oxygen molecule in exhaust gas. By impressing voltage to the solid electrolyte into 
which both sides were inserted by the electrode as what is proposed as a catalytic-reaction machine, 
surface adsorption oxygen and nitrogen oxides are disassembled into oxygen and nitrogen, and what 
is called a system that carries out pumping and is removed from the reaction surface is proposed in 
oxygen, if a prior art reference is shown here ~ J. Electrochemical Soc, 122, and 869 (1975) ~ It 
is shown by by forming a platinum electrode in both sides of the zirconia stable by scandium oxide, 
and impressing voltage that nitrogen oxides decompose into nitrogen and oxygen. To J. Chem. Soc. 
Faraday Trans., 91, and 1995 (1995). It is shown by by forming a palladium electrode in both sides of 
the zirconia stable by yttria, and impressing voltage that nitrogen oxides decompose into nitrogen and 
oxygen into the mixed gas of nitrogen oxides, hydrocarbon, and oxygen. 

[0004] However, such a system has the problem that a considerable amount of current supply sources 
from the outside are required, for oxygen pumping. Namely, when reacting by the probability of an 



oxygen molecule that the oxygen deficiency in a crystalline lattice, etc. will be adsorbed being larger 
than a nitrogen-oxides molecule. The current for removing this adsorption oxygen molecule out of the 
system of reaction beginning was needed, and when the point of reducing reaction efficiency greatly 
put this system in practical use, it had become a serious obstacle. 

[0005]Then, in order to solve the above-mentioned problem and to make pouring of electric power 
required for oxygen pumping into the minimum, when performing catalytic reaction, the required 
amount of oxygen pumping is controlled, and it is necessary to attain adsorption of nitrogen oxides 
and efficient-ization of a decomposition reaction. For that purpose, although it is one method to raise 
the selective adsorption characteristic to the nitrogen-oxides molecule in the catalyst material surface 
used, The old place, the material in which selectivity higher than an oxygen molecule is shown to a 
nitrogen-oxides molecule was not obtained, but efficient-ization of the reaction as comprehensive 
performance by structure control was called for. 
[0006] 

[Problem(s) to be Solved by the lnvention]ln such a situation, this invention persons make the 
minimum pouring of electric power required for oxygen pumping in view of the above-mentioned 
conventional technology. And the result of having repeated research wholeheartedly for the purpose 
of developing the new art which can attain adsorption of nitrogen oxides and efficient-ization of a 
decomposition reaction. By returning nitrogen oxides in the electronic conductor in the cathode of a 
chemical reactor, making oxygen ion generate, making this conduct in an ion conductor, and carrying 
out pumping to the anode side. Before arriving at the reaction field of adsorption-purification, by 
reducing oxygen gas molecularity enough, it finds out that the desired end can be attained and came 
to complete this invention. An object of this invention is to provide the chemical reactor for performing 
the chemical reaction of quality of a processed material, such as nitrogen oxides. An object of 
especially this invention is to disassemble nitrogen oxides efficiently from the combustion gas 
containing oxygen, and to provide the purification method of the nitrogen oxides using the chemical 
reactor which can be purified, and this chemical reactor. 
[0007] 

[Means for Solving the Problem]This invention for solving an aforementioned problem comprises the 
following technical means. 

(1) It is a chemical reactor which purifies quality of a processed material by a chemical reaction, A 
chemical reactor, wherein it comprises an electrochemical cell which consists of a three-tiered 
structure of a cathode (anode), a solid electrolyte, and an anode (negative pole) and the above- 
mentioned cathode comprises a conductor containing continuation fine pores which nano size 
penetrated in three dimensions. 

(2) A chemical reactor given in the above (1), wherein said cathode consists of material which 
consists of a conductive oxide, metal, their own composites of these both, or both composite. 

(3) A chemical reactor given in the above (1), wherein said cathode contains metal and/or an oxide 
which have conductivity for an inorganic solid material which has oxygen ion conductivity as an ion 
conductor as an electronic conductor. 

(4) A chemical reactor given in the above (1), wherein said solid electrolyte is an oxygen ion 
conductor. 
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(5) A chemical reactor given in the above (1) in which fine pores contained in said cathode have a 
dianneter of 100 nm or less, and are characterized by being continuously distributed from the surface 
to the cathode lower part. 

(6) A chemical reactor given in the above (5) in which fine pores contained in said cathode are 
characterized by occupying 10 or more percents by volume of a cathode. 

(7) A chemical reactor the above (1) making it generate when continuation fine pores of said cathode 
heat-treat a conductor, or an electronic conductor and an ion conductor, or given in (3). 

(8) A chemical reactor given in the above (1) containing conductive electrodes of a composite 
construction which said cathode was classified into the upper part and the lower part, and equipped 
the cathode lower part with the characteristic of conductive and ion-conductive both. 

(9) A chemical reactor given in the above (3), wherein a volume ratio of an ion conductor and an 
electronic conductor in the cathode lower part is in the range of 3:7-7:3. 

(10) Quality of a processed material by a chemical reactor of a statement is decomposed into either 
of (9) from the above (1), Are the method of purifying, said quality of a processed material is nitrogen 
oxides, and current is impressed to said electrochemical cell, A purification method of quality of a 
processed material which returns nitrogen oxides in an electronic conductor in said cathode, makes 
oxygen ion generate, makes this conduct in an ion conductor, reduces a relative amount to a 
nitrogen-oxides gas molecule of an oxygen gas molecule in a reaction field, and is characterized by 
disassembling nitrogen oxides. 

[0008] 

[Embodiment of the lnvention]Next, it explains still in detail about this invention. In the catalyst- 
electrode layer portion which this invention is a chemical reactor for performing the chemical reaction 
of quality of a processed material, such as nitrogen oxides, for example, manages a reaction when 
performing the chemical reaction for processing the substance (in this case, nitrogen oxides) used as 
a polluter. It is a chemical reactor which comprises an electrochemical cell which has a structural 
feature which enables efficient-ization of a reaction. When this invention persons do not have the 
selective adsorption nature which exceeds an oxygen molecule to a nitrogen-oxides molecule as a 
surface physical property. As a result of the contribution to catalytic reaction promoting adsorption of 
an oxygen molecule in a low portion, even if an oxygen molecule does not already exist at a catalytic- 
reaction place or it exists, for low concentration. That the rate of selective adsorption to a nitrogen- 
oxides molecule improves substantially, and the current route which supplies electric power required 
for an oxygen pumping reaction to a catalyst-electrode layer portion further. Current efficiency 
required for purification of the above-mentioned nitrogen oxides found out that the wonderful 
improvement which reaches by several times the peak price reported until now was shown by 
arranging both ion conduction courses at the time of the ionized oxygen being removed from a 
reaction field in a suitable form. 

[0009]That is, the current amount which oxygen pumping takes depends for the oxygen molecule 
which carries out surface adsorption selectively on what pumping is carried out efficiently. Therefore, 
in the case of the automobile engine exhaust gas (lean burn conditions, diesel-rolling-stock exhaust 
gas, etc. which are especially used as bad mileage operation) with which the number of oxygen gas 
molecules becomes extensive to cleaning reaction target gas (for example, nitrogen oxides), in order 
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to work this system, a big current amount is needed. In order to reduce impression of current, 
methods, such as stopping an apparent required current amount, can be considered by reducing the 
relative amount to the nitrogen-oxides gas molecule of the oxygen gas molecule in (2) reaction fields 
which improves the selectivity of the nitrogen-oxides gas molecule over (1) oxygen gas molecule. 
Although it depends for the method of the above (1) on the surface physical property of material, the 
material which still reveals this mechanism fully is not obtained. This invention aims at solution of this 
technical problem by developing the fine structure which makes the conditions of the above (2) 
possible. That is, before the selective adsorption nature of nitrogen oxides to an oxygen molecule 
used the low thing conversely and arrived at the reaction field of adsorption-purification, the 
conditions of the above (2) were effectually realized by making it possible to reduce oxygen gas 
molecularity enough. 

[0010]The chemical reactor of this invention comprises an electrochemical cell which consists of a 
three-tiered structure of a cathode (anode), a solid electrolyte, and an anode (negative pole). And the 
above-mentioned cathode has the following composition. 

1) It comprises a conductor containing the continuation fine pores which nano size penetrated in three 
dimensions. 

2) It consists of material which consists of a conductor oxide, metal, their own composites of these 
both, or both composite. 

3) The metal and/or the oxide which have conductivity for inorganic solid materials which have 
oxygen ion conductivity as an ion conductor, such as an oxide and a halogenide, as an electronic 
conductor are included. 

4) An ion conductor and an electronic conductor are preferably distributed from NANOMETORU in 
the shape of [ which was mutually stuck in the size below a micron ] a network. 

Namely, in the chemical reactor which has a three-tiered structure of a cathode, a solid electrolyte, 
and an anode as shown in structural drawing of drawing 1 , When the fine pores which nano size 
penetrated in three dimensions are distributed over the whole cathode. In the same layer upper part, 
the selective adsorption to the nano hole wall surface of an oxygen molecule is efficient, and it is 
promoted, and when gas reaches the same layer lower part which mainly bears the adsorption- 
decomposition reaction of nitrogen oxides, the number of nitrogen-oxides molecules comes to stand 
high in gas. As a result, although the adsorption decomposition ratio of oxygen/nitrogen oxides does 
not change but there is priority to an oxygen molecule, the adsorption decomposition efficiency of 
nitrogen oxides improves by leaps and bounds. 

[001 1]the aperture to the size of a gas molecule, and a hole ~ a hole [ as opposed to / when merit is 
taken into consideration, in order to acquire an above-mentioned effect, have 100 nm or less of 
apertures / 30 nm or less in / desirably at the maximum, and / a real soma ] ~ it is preferred as a 
volume fraction of a portion that they are 10 or more percents by volume. For example, it receives 
that the current efficiency over the nitrogen oxides under 2% oxygen coexistence reaches to not less 
than 2.4% when the whole cathode layer thickness produces the cell which has mixed oxide-metallic 
cathodes which are 7 micrometers, and an aperture is 10-20 nm. In 30 nm, it decreases rapidly about 
1.7%, and decreases rapidly to 1% or less in 50 nm, and most contribution to the current efficiency by 
an adsorption effect [ in / experimentally / fine pores ] is not accepted in a not less than 100-nm hole. 
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When hole volume is made into less than 10 percents by volume, the decomposition efficiency itself 
does not reach the appearance to 50% due to a reaction surface area fall. 
[0012]ln order the electrochemical reaction in a cathode is efficient and to perform it desirably, it is 
having simultaneously the structure for it being efficient and performing electrochemical reaction 
further, in the wall surface of the conductive layer which forms a nano hole. That is, it is desirable to 
distribute as finely as possible the electronic conductor which bears the role which conveys the 
electron given to the oxygen molecule to which it stuck from the cathode lower part in the shape of a 
three-dimensional network. Here, as the above-mentioned electronic conductor, it is preferred that 
metal, such as conductive oxides, such as nickel oxide and copper oxide, nickel, and platinum, and 
both mixture are chosen from the electric conduction characteristic and chemical stability. 
[0013]lt is having desirably the above-mentioned electronic conductor and the ion conductor which 
exist closely and which made and carried out homogeneity detailed distribution of the three- 
dimensional network structure similarly. By this, an electron will be received from the above- 
mentioned electronic conductor, and pumping of the generated oxygen ion will be easily carried out 
through a solid electrolyte to the anode side according to the potential difference of an 
electrochemical cell from a cathode. Perovskite oxides in which the high conductivity over oxygen ion 
is shown as the above-mentioned ion conductor here, such as lantern strontium calcium manganese 
or iron oxide, Yttria stabilized zirconia, scandia stabilized zirconia, samarium, or gadolinium addition 
Seria is preferred. 

[0014]Below micron size the both sides of an electronic conductor and an ion conductor with three- 
dimensional network shape desirably. It is also possible to use mixed conductors, such as a lantern 
strontium manganic acid ghost having an electron and ion conductivity other than carrying out fine 
dispersion to nanometer order. It becomes possible to reduce the required current to the whole 
cathode by having an electrode layer which is distributed over the cathode bottom in the form which 
does not bar the oxygen ion conduction from the above-mentioned ion conductor and which supplies 
an electron to an electronic conductor. In this case, as an electrode layer, since chemical stability and 
high conductivity are searched for, platinum, nickel, etc. are preferred. 

[0015]As a method for forming such the fine structure, control of 1000-1600 ** heat treatment to an 
electronic conductor and an ion conductor and this heat treatment temperature is effective suitably. 
For example, the above-mentioned nickel oxide zirconia mixed oxide is received. It is possible for the 
desirable fine structure to be formed by heat treatment at 1400 ** or 1450 **, and to make the same 
fine structure appear at 1300 ** to above-mentioned lantern strontium calcium manganese or iron 
oxide by it. 

[0016]On the other hand, in electrochemical cell structure, the role which the catalyst-electrode layer 
lower part should play is supplying the course of the high ion conductivity which carries out pumping 
of the oxygen which made easy supply of current required for an oxygen pumping reaction, and was 
generated. Therefore, it is preferred to optimize the quantitative ratio of an electronic conductor and 
an ion conductor to perform a current supply source effectively, and for the course of high ion 
conduction approach and exist and a presentation. Although a suitable value is obtained from the 
mixed state of two different phases in 3:7-7:3, since it is greatly dependent on the coexistence state 
of two phases, the ratio of an ion conductor and an electronic conductor should just determine the 
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optimum value suitably according to the coexistence state of two phases. For example, in the case of 
the complex tissue of two different phases in several 10 which makes effective oxygen pumping 
possible - number 100 nanometer order, the optimum percentage is the ion conductor 6:electronic 
conductor 4. 
[0017] 

[Function]This invention is characterized by comprising an electrochemical cell which consists of a 
three-tiered structure of a cathode, a solid electrolyte, and an anode, and constituting from a 
conductor containing the continuation fine pores in which nano size penetrated the above-mentioned 
cathode in three dimensions. 

What the above-mentioned cathode consists of a conductive oxide, metal, their own composites of 
these both, or both composite. In [ the above-mentioned cathode is characterized by including an ion 
conductor (inorganic solid material which has oxygen ion conductivity), and an electronic conductor 
(the metal and/or the oxide which have conductivity), and ] the electronic conductor in the above- 
mentioned cathode. By reducing the relative amount to the nitrogen-oxides gas molecule of the 
oxygen gas molecule in a reaction field by returning nitrogen oxides, making oxygen ion generate, 
making this conduct in an ion conductor, and carrying out pumping to the anode side. An apparent 
required current amount is stopped, current efficiency required for the above-mentioned nitrogen- 
oxides purification is raised remarkably, and it becomes possible to disassemble and purify nitrogen 
oxides. 

The electronic conductor which bears the role which conveys the electron given to the oxygen 
molecule to which it stuck especially from the cathode lower part. It becomes possible for the 
electrochemical reaction in a cathode to be efficient and to perform it by being fine as much as 
possible in the shape of a three-dimensional network, and below micron size carrying out fine 
dispersion of either or the both sides of an ion conductor which shows the high conductivity over 
oxygen ion to nanometer order desirably. 
[0018] 

[Exam pie] Next, although this invention is concretely explained based on an example, this invention is 
not limited at all by the example concerned. 

The example 1 yttria 8 mol % addition zirconia sintered compact was used as the solid electrolyte, 
and zirconia and platinum were mixed on the one side, and by screen-stencil, membranes were 
formed so that it might become about 20 microns of thickness after calcination on a solid electrolyte. 
On the mixed layer of the formed ion conductor-electronic conductor, further, preferential grinding of 
the nickel oxide zirconia mixed layer which constitutes the catalyst-electrode layer upper part was 
carried out at a rate of the nickel oxide 4:zirconia 6, and it was formed by screen-stencil in a similar 
manner. The platinum electrode was printed for this on the field of the opposite hand after calcination 
at 1450 **. This electrochemical cell is installed into the tubular electric furnace held in temperature of 
600 ** - 800 **, The flow of the sample gas (the NOx concentration of 1000 ppm, 2% of the amount of 
coexistence oxygen, base gas: argon) is carried out by a part for 50-ml/, Even when the relation 
between the amount of decomposition of nitrogen oxides and the pouring electric power to a cell was 
investigated and it was 600 ** with low efficiency since resistance of a solid electrolyte is the highest, 
the pouring electric energy to the cell required for 50% disassembly of nitrogen oxides was 0.4 W (it 
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is [ 1 cm of cell reaction surface product , and the following ] the same). 

[0019]Zirconia which added 10 mol of example 2 scandium-oxide % and yttria 1 mol % was used as 
the solid electrolyte, and zirconia and platinum were mixed by the same method as Example 1. 
Mechanochemical activation is performed simultaneously with minuteness making, and it enabled it to 
secure a conductive path enough also with a small amount of platinum by carrying out preliminary 
grinding of zirconia and the platinum in that case. It is using the lantern strontium cobalt iron oxide 
(abbreviation: LSCF) which is a mixed conductor as the catalyst-electrode layer upper part unlike the 
mixed oxide layer used in Example 1, and improvement in electronic supply required for efficient 
electrochemical reaction and oxygen ion transport properties was aimed at. The upper layer was 
formed by screen-stencil by having considered the pulverizing sample as the paste, it burned at 1300 
**, and platinum was further applied and calcinated to the opposite side. As a result of performing the 
cleaning reaction by current impression, 50% of the decomposition efficiency of nitrogen oxides was 
reached in the impressed electromotive force of 2.9 volts (0.5 W of electric power) (cell operating 
temperature of 600 **). 

[0020]the ultrafine particle of example 3 samarium ~ 10-mol % ~ the added Seria sintered compact 
was used as the solid electrolyte, and the paste which carried out pulverizing mixing of zirconia and 
the platinum was applied to one side. The paste which mixed and prepared metallic nickel and Seria 
in inactive gas was applied on it, and membranes were formed by spreading so that it might become 
about 30 microns of thickness after calcination. The wolfram electrode was vapor-deposited to the 
field of the opposite hand after calcination. It is sample gas (the NOx concentration of 1000 ppm and 
2% of the amount of coexistence oxygen) to this electrochemical cell. Base gas: When the flow of the 
argon was carried out by a part for 50-ml/and the relation between the amount of decomposition of 
nitrogen oxides and the pouring electric power to a cell was investigated, at the cell operating 
temperature of 600 **, the pouring electric energy to the cell required for 50% disassembly of nitrogen 
oxides was 0.38 W. 

[0021]example 4 gadolinium powder ~ 20-mol % ~ the added Seria sintered compact was used as 
the solid electrolyte, and it was obtained by carrying out the pyrolysis of the coprecipitation granular 
material compounded from the zirconium oxychloride solution and the platinum chloride solution on 
one side ~ very ~ homogeneity ~ detailed particles, [ slur and ] The organic solvent was added, the 
paste was produced, and it applied to the solid electrolyte surface, and printed at 600 **. Using a 
metal alkoxide solution as a starting material, the precursor of the lantern strontium manganic acid 
ghost was formed by spin coating, and the precise cathode layer was formed with 1350 ** heating. 
About the electrochemical cell produced by the opposite side by forming a platinum electrode, the 
nitrogen-oxides purification performance which used the two-room type chamber was evaluated. At 
the electrochemical cell operating temperature of 600 **, it is sample gas (the NOx concentration of 
1000 ppm). 3% of the amount of coexistence oxygen, base gas: When the flow of the argon was 
carried out by a part for 50-ml/and the relation between the amount of decomposition of nitrogen 
oxides and the pouring electric power to a cell was investigated, the pouring electric energy to the cell 
required for 50% disassembly of nitrogen oxides was 0.32 W. 

[0022]ln example 5 Example 1 , the nickel oxide zirconia layer and the anode were formed by the 
same process in the zirconia platinum layer formed on a solid electrolyte using the paste mixed 

http://www4ipdLinpit,gojp/cgi-bin/tran_web_cgi_ejje?atw_u=http 



homogenously at a rate of the zirconia 6:platinum 4. It was possible to have reduced the sample 
similarly produced by calcination at 1450 ** to about the half of 0.25 W and Example 1 with the same 
test method, at 600 **, when the amount of required supply current to the decomposition performance 
of the nitrogen oxides under 2% oxygen coexistence and the cell at the time of an operation is 
investigated. 
[0023] 

[Effect of the lnvention]As explained in full detail above, this invention is a chemical reactor which 
purifies the quality of a processed material by a chemical reaction. It comprises an electrochemical 
cell which consists of a three-tiered structure of a cathode (anode), a solid electrolyte, and an anode 
(negative pole), and the above-mentioned cathode is applied to the chemical reactor comprising a 
conductor containing the continuation fine pores which nano size penetrated in three dimensions. 
According to this invention, the following effects are done so. 

(1) The new chemical reactor which makes it possible to be efficient and to perform an environmental 
clean-up operation of disassembly of the nitrogen oxides by electrochemical reaction, etc. also under 
oxygen coexistence conditions can be provided. 

(2) Since the quality of a processed material can be processed efficient, when processing the quality 
of a processed material, a required current amount can become less, and the power consumption of 
a chemical reactor can be reduced. 

(3) In this invention, since it is possible also under oxygen coexistence to activate the adsorption site 
of a gas molecule continuously, it can be used by combining other catalyst substances as a reactor 
which purifies various environmental pollutants, such as hydrogen sulfide. 

(4) The efficient oxidation reaction machine to the possible reactor of it being efficient and separating 
oxygen out of mixed gas, and the gas using the generated oxygen being activity, a fluid, and a solid 
can be provided. 



[Translation done.] 
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t5\>^xm.mm^mt:m7LLxm^4 ^y^^m^-^. ^ 40 

[000 1] 

mmmwcoit^Rm^^o ti>sb<^^\:^Rm^izm-t^ t 
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[0002] 

im^comu ^y u yj^y'jyi)-t:>%^-t^mmm.i\L 

io/is^t:. ^&mmmi,zi. h ^^mmit^mzx h 
[0003] --H. m»A^y\'m'm^-thm\mm 

cot tT, «ffit:MH^i^.*;fi^ciaf*€ftfM[cmJ±^Eri 

ti^t^'^^hl^7.^2^m^^^fLX\~^h. r<rT\ 5ttT 
JtK?rJ§^'t"-i) i: , J. Electrochemical Soc, 122, 86 

9, (1975) \,z\t. m\\Ly-^f}y'y-^~t--x'mmt^fz'jjv^ 

TV^-S„ S/t, J. Chem. Soc. Faraday Trans., 91, 19 
95 (1995) \,Z\t^ -i -/V')TX'^'m\L\^fz=J}V^-T<7:> 

T . mmm\mi^mm h mm^z^m-th ^ i: t>-^^i\.x 

[0 0 04] \^ii^\^tcifity^ iiOi^^v-XT-Ati. K 

wx^ hhv^o nm^.^^-th . -t^^h^b. mm^i" 
m^B^&^'^commxm.m^zoRm^timm^mmm 

mmm^i'iKmm9Hzm^~t^ tz)>bcDmm-'£rmt^^ 
[ 0 0 0 5 ] ^^-c\ ±ia^®^»^-f-§ttt. kiIjk 

y\z'yi^'lZ'j^i^m^j:'mti(^'^XiB.A^miZ'ti>fzMz^ M 

mKmi:fr 0 mz^m^mmyt^yk^y^^'Mimm t , m 

Mill's. -^wfci^t^Ji. fflv^Ji>tiSMSMt4:SMci3 

m^^i^zMLxmm^i'x nm^mim^^ii^mim 
^tixi5^^. mm.mmizi:i,m-^mtLxcr,Kmco 
n^m^ttm^ ^iix V -^tz , 

[0006] 

y^^'i,Zi£!.^^^j:miJcr,iiX^&4MlZ^i> i , St^'S* 
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[0 0 07] 

±iB^y-K^':^y-9--f X(7)3JJi:7cWtc:KaLfc5i 

(2) Hf)iB^y-K>?)\ wmttK-fbif^. cy)M# 

( 3 ) MiB^y- F>i\ -t:tyimi^t Lxmm-^ ^y 

I., iifriB ( 1 ) izmmcoitm^jB^, 30 

( 4 ) iuiBSi#;mw«A^\ mm4 ^ya^mi^xh^ i i; 
^#iti:^^, ffiB ( 1 ) ^zmmc^MtmRnm. 

( 5 ) loiB;if y- 10 0 nmJilT 

o@^^t, mm^^^^v- \^T^txmmLx-^^^ 
^zti:mmb^^. tfria ( 1 ) i,z§mco'tt'¥K&^. 

( 6 ) 1[aiB?5fy-Kt=#Sn-l.m:!&*. ;<fy-h'co 1 0 

imj-^—tyhm^^^i^hzttrmit-t^. mm 

( 5 ) (^IBtt^O^L'^RJtEtl. 

( 7 ) KflB^y- Kt05Sit«L^\ »«#X{i:l:i^^S» 
ft: • 5ryfES#:S:?Wl-t-l. i i: (==1: O^^-ttJt t> 40 
OT* hZb . mlB ( 1 ) X« ( 3 ) t;riE 

(8) |f)iB^y-K*\ ifPhTgPtcE^^Six. ^y- 

h'Tgpt, mm^m/-^ ^yiimt<^mi3<^mt^mt 

IB ( 1 ) izmmco^t^Km^, 

( 9 ) ^y- KTget:i3ttl> , 
ft<7)#:«Jt^3b^3 : 7 — 7 : 3<^mSiZ$)i>Zti^m 

b^^mmO) t;iBtttO'f[:^RjtE§lo 
( 1 0 ) MlB ( 1 ) 5&>^> ( 9 ) cDV^-mAHCiattiO-ft^? 50 
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Km^i>zj:^mmmmi^mL. ■mt-t^umxh-o 
X. mm^'ikM^iimmmimxh*) . mimmt^ 
tMzmm^maL. tfriB;^'y- v^(D'mTiiimmzi3 
\^xmmm^m^mjtLx^^ ^yi^^^'^. zti 
^ymmi^^xmm^'it. m.!mi,zmfhmm;(f:^ 
6^^(Dmmmim;(fxj^i'izft^hmnmim(>L. m 
mm<m^^-r^ z b ^mib-r^ . mmmmmcoi^ 

[0008] 

[WM<omm<omm] mz. ^^BHtov-^THtiffflt 

Kim'^ldfz^^T^if^K&mXh-yX. ^Jx«\ m^rB 

m^b^:i>mm (zco-^. mmm^m) ^^-titi 

i^co-it^Km^ffomAz^ ^m^^hmM-mmmmi)- 

mm^^^^mmt'^'t;v^)>hmf&$ti^if^Km^x 
hh. *%HH#^>{i, mmm^bi.xmmmim'if^i.z 

nLxm.m'ifT^mx.i>mmm^^^Lts:\^m^. m 
mK&^(n^^m.■h^&^^m'^^zii ^ ^xmrn-^^i^c^mm^ 
im^^^m^. mm^mmizts v ^x itrnzmm^-i'ti^ 
#^it^rv^*^ ^Lxi,imm<^fzi^. mmmit^ 
=Fizm-hmtmmm^±m^z[^±.^hzb. miz. m 
m-mmmm-'Mz , mmt^y^^'y^'mzsm^m:^ ^ 
im^hmmmmb . a ^y\Y.\^fzmmifimmi-t^w. 

w-th i t cfc 19 , }Limmmmmmnz-jm-^j:w^x. 
mmfiz ft % xw^^ fixv^h wmm.<m.m\>zm-h . 

[0009] 'tts:h>%. "^i^^y^^yf^zwthm^yS. 

\t , wm^.zmmmm-th^'jf^^umzmmmhzir^ 

y\fyy-th-h-^\,z^<M-th. ^<r)fzi^^ |g«;^?'x^^^<7) 

xm) z<Di^x^j^im.m^^htzib\>z±% 

{±. ( 1 ) mm:^X'^^i,zm-?>m^im:^:^6^^<7) 

mmm-imA'xjf^izM^mmmim^^zbxM.^^ 
if<^'£mmm&i9>iith. mcD-j^mti^^t'^ti^. ±iB 

( 1 ) cojjma. tin<^mmmmzim^hi,coxhh 

x\-^t£\-^. ^wm. ±iB (2) tfo^fr^^fgtt-^m 

coxhi>. ■t^j:h-h. mmji-^izM^immm^mcom 
iRmmmm^^z b ^mzmm l . om-'mtco^m^ 
^zmm-^m-ii<zmm^'xji-^mi+'ii-im^^i> z b 
i-^mb-t^zbi,z2: D . m^miz±m ( 2 ) 

[0010] *^Bjc7)-fL^sjes{i. A y- F (1^ 
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ffi) . mi^mnm. ry-K (i^) cosmmm^-i^K/: 
2) mmmim. ^ow#co:&«<7)a-^. x 

ifi^m-ti>xdi>z^j:i>. ^ffy^M. m^ymmm^miT) 

mm-^mitm^^h ^ ^ . mm-^^^con^cm^h s tz 
t :b-/j-h^-f. mmm-imcr>m.m»m^mi±mm'^izit] 

[0011] :^X'^^cr,±^^lzictt^lim&UllM:i 

^m,Lfzm^. ±.mmhmm^ix^fzib\^z\t. m±x 

hi OOnmOT. M^L<ii3 0nmOT<507LfISr* 

mi*:m^zM^^iim^cMm-^mt lx. 10 i^m 
v^mco-^i^mm^^ 7 jumxh^M-^m^fm—^m^ v- 30 

K&^r^5-fe;^^{^»Lfc*i-&, fLM//'i 0-2 0 nm 

2 xmm^^rcommm^mizMi-^mMmm 

{±2. 4%l^:Ji±iC3i-ri.c?)fc*fLT, 3 0nm-C{41. 

7%gJS. 5 0nm-r-{il%lilT^i::t-«t. 10 On 

TLf^m^ 1 0*m^^°— tr^-h^iii: L>^cJ*^t: 

li. K^mxmMT\,zx^^mmm^w-ffi3Q%{zmh 

[0 0 12] tfz. mtLKtt. ;»y-Kt:*3ftl.«M 40 

if^Km-^^^^^xnhti^fzib^Zli. -f-ymii 

inm-t^mmmcommizisux . mMit^Km^:mm 
mx''€ofzibcommimmiiz^^:^ztxh^. -t^h 

ib. mmLfzmm-^l^lz^thmi'^:^V~}^T3i)^i^ 

AMzx ^ h tmmffi < 'j^^-f I. ^ t tiw, ; ; 
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[0013] mzm^ L< a. ±im'i^imi^tmmz 

|i|«tC3}^7C^-vb'7-^'«JgS:^:L. i^- 

'^m^^L fz-( :^yiimi^i^'th ^ -r-fc-s <, ^tit: 

[0014] wHm^. A-^y^mm.am-yj'k. 3<^: 

. ^ y ^ - b ,y- * X'm&^tW. $ ii: -!> <r t c^ffi 

#**>A,c7)KS-f ^>'f5#^*S(f =£cV^ff^T-^^-r-l> , « 
^fE^fls^«^^^iti^t-i.«ffiii&*t- ^ C ^: t j; D . 
y- K^#:^c7)-e:<gmMS:<£^$-ti:-& i i: ^^Wi: ^ 

[0015] icT) J; a ^r»i«5S^m-t^fc*^co:^j£ 

1000—160 ^''co:>mm.h.%$m3m^<^^<r>mmif 

?I^K^t:*iJt-*f LT{±, 14 0 0 °CX{± 14 5 0°CT'CO 

mi^iT) ^ >- ^ >- - X h n y ^ A - >- ^ A - -7 y 
yX{i:i^K'fl:^tc>^LT{i. 1 3 0 O-CT'lHlWomWW 

[0016] -:^r. mM^t^^r/L-Witt^fc^^T. MM- 
■g.ffiiO?re-^W®,/&^^>. 3:7 — 7: 3 t^)iGHT-tT5a^-f[S 

im-rhc7)x\ 2ffic7)5ft#«ffitcjEtTjii:^s-rtL{f 

1 0— isci 0 o-ryy — hju:t—-p'~xco^ 20(7)^^ 

^^6 :«^E^#:4-C3b^» 
[0017] 

[^^ffl] ^y-b\ ia#:mii?«, ry-bco 
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tzmm'^i-^zH-z. hnFt^f) y- FTgi5*^^>«i3i-f-§f^ 
"9 , y- h' tcis \^h'm.^^'Km^m^x''^t>i\.h 

[0018] 

[^jifi^j] mmm>zm^\^x^wmmm'^i,zm 
m-hifi. ^mmi.'mmmm.zi.-,xmi^m^%i\.h 

HJt^J 1 

- yepsotc J; D . mmmm.^xz . ^fiScmtMi¥*^2o s 30 
9uvhti:hXo\<z^m}^fz. m^^f\-tzA ^y\imw 

■;/^r;v4 : V)v^:z.r^(r)m-^x-m.-^m\.. nm.\z7. 
9 ^)~vm\\,zx mm\^fz. z.ix^ 1 4 5 o^c-C'Mjit 

•fe;P^ 6 0 CC—S 0 0°Ci7)^JK(:ffiSt>^v!^4fctt^r 
t+Jt^lSaL. ^yy'JVijT. ( NO xflS 1 0 0 0 P P 

Ji#K*»2%. '<.-XX?-X : T;l-3>) 5 Om 
1 o- S it, aglK^t,*^cOr5i-|Pfi i: -fe/t^oa 40 

^iftv^7tJ6tS^i^/&^fgu6 0 o°c<?o:*^T-i>. a*K-fi: 
5 0 %^^stie:^s5r-tr;i^^«oaAmS3»i± o . 4 y 

■yh ( -fe/^KIiEHW 1 cm2 , OTIilt) 

[0 0 19] Il)[i4^j2 
K-fl:X;eryi/'>A 1 0 -y h un ^:;k%$r?3S 

n'm\,z;<:^/^^:^iv^j:'{^mmm^mL. i.^'j^-mco 50 
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nyf-'^A-nysVkh-i^^-ft;!f^ : L SC F ) 5r 
fflv^^ i i: X\ s5&*^^t^RJEt:'iJS=Sr^^«i^i: 

3 0 0^CT-^i=#(t2rftV\ St, <K>E^ffita:^2rm^|: 

Erti!lPmE2 . 9 ^J^Vl- h 0 . 5 V v h ) TaS^'fl: 
!f^O^WIIS»*5 0%tcaLit (-b/H^U^JSeOO 

[00 20] mim\3 

M-^L/i'^-^^h^M^St/c^ set:. #JR--y^^;ki;-lr 

k^zm^}^. >mmzmmm3Q^9uvhti:hi.'b 
y^'x^ymMimmLfz. z^m%i\:m^Mz^yy° 

JViiX (NOxiUSl OOOppm, 5f^S^*2%. 

^—Xii7. : r;^:/^^) 5 Om 1 /i^-C-^ n-Sit. 

fzh^h. ^ivm^im, 6 0 0 °c tfe V . a*K^i:ir^ 

CO 5 0 %^m^Z'^ts:^)Vf\.(ry^xmim± 0 . 3 8V 

[002 1 ] ■mm\A 

«*jD;tT'<-xh^ffML, mwmmmmmi^zimL 

^m^Wi: tTfflv^, x\L'ya-^^y9'izX*). => 
y9y~xVxiy^-^2^-'^yiiym\M<^mwm^^ 
iKL. 1 3 5 OT;jniitcJ: Oi![?&=3r;(7y-b'ii*?fML 

;W:-:3V^T . 2^f-^>'^s'SrfflV^/ia*B?ftl)?f'f[:tt 

(.''T. -r>'r;k;*'"X (NOx?iJKl OOOppm, 
^*3%. : r)V^y) e 5 O m l 

toMfS^p^fc ^ c 6 . 5 0 

=S:-fe;lx\tfo?±A«:*M{i 0 . 3 2 v -y h T'*) -> <> 
[0022] HJfii?!! 5 

r-a^iitCfcV^-C, >>VW:3::ir6 : aA4 C7)f 

< 1 4 so'cx^mmz^ ^^mLfzmn^ e o o^ct- 
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[0023] 

^y-H- (mm . mi^mmn. ry-K (pa®) cos 
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1 0 

( 3 ) ^^mx'ii. mmi^^Ti>. ^x-ii-i'com.m^ 

i«!f%lM^ ffl-^-frS ^ t J; 0 . mYJm^j: ^ 
^?f^!flS«^?t'ft^-&SJiE:^i: tTffiffl-Ti. ^}iifiX: 

( 4 ) m.-^ijT^^ti-iomm^'mmx^Tmfh - 1 o^r 

Lfzm>^. mi^. RummzM'ti>m^mmim!^^ 
10 mm-t^zbti-T^6. 

[Ell ] :^^m(^-wmizm^it'^K!t^^im.mmi,z^ 

1 it'^Kmm 

2 iife^-nffiii (^y-F{i!i) 

3 ia#:«)S®Jl 

4 «ffiJi (ry-HM) 



[01] 




a*nft=a*siu=itK^^iirri - 1 Mittf 
a2mmm m mm 

■m\ Wk^-^m^'^\mrit-m^fi t P2268 



{12) wm MBa 

«*D)i^*STff^Ljj m^^mmn ^ M2268 

- 1 .^SB^b A-vy-if a:yx^^-y ^ 
5 5 -y y y.SflirW^ffl-^i--?-i^'— fe^ 5 >y 

(72) ^H^^ A# l^ffi 

- 1 ^feSlJlcb A--?>"if JiyxyN-y^fe 

ffiSffij*»y-9--^-b>'y- yr-fy-b 

yxW^)5fl*I 

(72)^B^# gea mit 

Wm.-^ *STff ^Lij K T^Sft^ ^ P2268 

- 1 S^aii^b y-if a:yy.y\-y 3fe 
^StSffi3S^ytf--^'b>'y- yr-f>"b 
7 5 -y y y-SflifW^ffl-^i^-^S^'— b 7 5 >y 

yy-w^wi^ 



(7) 
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